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Abstract
Background  Although hypertension is a significant public health challenge globally, only a few studies have 
assessed the effectiveness of risk factor control and adherence to recommended lifestyle among United States 
hypertension patients.

Methods  In this study, a detailed, stratified analysis of the 1999–2018 National Health and Nutrition Examination 
Survey was conducted to assess the adequacy of risk factor control and conformity to recommended lifestyle 
among United States patients with hypertension. Logistic regression analysis was used to identify influencing factors 
associated with not acheving risk factors and lifestyle targets.

Results  A total of 21,770 participants (mean age, 62 ± 15 years) were enrolled in this study. About one in five (20%) 
participants achieved the recommended body mass index goal, 40% achieved the low-density lipoprotein cholesterol 
goal, and 30% achieved the recommended waist circumference. Most patients (80%) achieved the recommended 
smoking goal, 58% met the recommended alcohol consumption, and 19% achieved the recommended physical 
activity goal. Multivariate analysis demonstrated that age, gender, race, education, metabolic syndrome, and diabetes 
mellitus were independent predictors of not achieving risk factors and lifestyle targets.

Conclusions  Controlling risk factors and adherence to recommended lifestyles are not ideal for hypertension 
patients. Therefore, further research should assess how to improve the compliance rate and take targeted measures 
based on influencing factors for long-term prognosis.
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Introduction
Hypertension (HTN) affects about a quarter of the adult 
population worldwide. HTN may affect about 29% by 
2025 due to increased population ageing [1]. Besides, 
HTN is a major risk factor (RF), causing an estimated 
9.4  million deaths yearly [2]. Almost half of the United 
States (U.S.) adults aged 20 and older have HTN based 
on data from the National Health and Nutrition Exami-
nation Survey (NHANES) conducted from 2011 to 2014 
[3]. Therefore, effective HTN prevention programs and 
timely control are needed to reduce the burden of HTN.

Many HTN patients have major RFs for cardiovascu-
lar disease (CVD), which significantly impact morbidity 
and mortality [4, 5]. Derek Weycker et al. showed that 
more than 50% of HTN patients also have diabetes mel-
litus (DM), hyperlipidemia, or high body mass index 
(BMI), additional RFs that significantly increase the risk 
of CVD [4]. Only 18% of HTN patients across 28 U.S. 
practices do not have any additional cardiometabolic 
RFs [6]. Therefore, the identification and management 
of CVD RFs is also an important aspect of HTN treat-
ment. However, most previous studies [4, 7–9] only 
focused on HTN awareness, treatment, control, or RF 
clustering, disregarding the adequacy of RF control and 
how to strengthen RF management. Few studies inves-
tigated the RF control in HTN patients. Lifestyle inter-
vention is crucial for non-drug treatment of HTN. ACC/
AHA [10] and ESC/ESH [11] guidelines have shown 
that lifestyle interventions can prevent and treat HTN. 
Eighteen meta-analyses and systematic reviews involv-
ing 594,129 adult participants have shown that physical 
activity (PA) reduces blood pressure (BP) in individuals 
with prehypertension or HTN [12]. Weight loss (includ-
ing energy-restricted diets) significantly reduces systolic 
blood pressure (SBP) and diastolic blood pressure (DBP) 
[13]. Niels Graudal et al. showed that sodium restriction 
decreases BP in a dose-dependent manner. Specifically, 
100 mmol of sodium restriction decreases SBP and DBP 
by 7.7 mmHg and 3.0 mmHg, respectively [14]. Unfortu-
nately, the majority of the aforementioned research only 
looked at the connection between a healthy lifestyle and 
lowering BP. Additionally, only a small number of studies 
examined HTN patients’ adherence to suggested lifestyle 
changes. Moreover, a number of earlier research [15–20] 
have examined how RFs and lifestyle are managed in 
various nations and areas. However, the majority of these 
studies have focused on coronary patients, with relatively 
few on HTN patients.

Therefore, with a large sample size and a long-time 
span, this study aimed to: (1) investigate the effective-
ness of RF management by evaluating patients who 
successfully achieved their target RFs from NHANES 
1999–2018; analyze recommended lifestyle adherence in 
non-institutionalized American adults with HTN; and (2) 

analyze the possible influencing factors of not achieving 
RFs targets and lifestyle targets.

Methods
The NHANES is a cross-sectional health survey con-
ducted by the U.S. Centers for Disease Control and 
Prevention (https://www.cdc.gov/nchs/nhanes/about_
nhanes.htm). Data was collected from NHANES sur-
vey cycles from 1999 to 2018. The U.S. adults aged 18 
years and older who self-reported a history of HTN 
were included. HTN was defined as: (1) mean SBP ≥ 140 
mmHg, mean DBP ≥ 90 mmHg (≥ 130/80 mmHg if DM) 
[21] or receiving treatment with antihypertensive drugs; 
(2) Diagnosed with doctors. Herein, 21,770 participants 
were included. The participants signed written informed 
consent. The process of participant selection is shown in 
Fig. 1.

Demographic information (age, gender, race), lifestyle 
information (PA, smoking, alcohol consumption, sodium 
intake, fiber intake), and socioeconomic information 
were collected from the participants using question-
naires. A standardized physical examination, including 
BP (SBP/DBP), BMI, waist circumference measurements, 
was conducted by a medical professional at a mobile 
examination center (MEC). An analysis of blood lipids 
and glycosylated hemoglobin (HbA1c) was analyzed.

In the univariate logistic regression analysis, age, gen-
der, race, socioeconomic status, education status, current 
health insurance status, MS, CHD, stroke, HF, DM, CKD 
were modeled as independent variables, and significant 
variables were subjected to multiple logistic regression 
analysis.

Definition of comorbidities
Participants meeting three or more of the following cri-
teria were diagnosed as metabolic syndrome (MS) [22]: 
(1) HTN: SBP ≥ 130 mmHg or DBP ≥ 85 mmHg; (2) Tri-
glycerides (TG) levels: TG > 150  mg/dL; (3) HDL-C lev-
els: male HDL-C < 40  mg/dL, female HDL-C < 50  mg/
dL; (4) Abdominal obesity: waist circumference > 102 cm 
for men or > 88  cm for women; (5) Fasting glucose lev-
els ≥ 110  mg/dL. Participants with angina and myo-
cardial infarction (“heart attack”) were diagnosed with 
coronary heart disease (CHD). Participants meeting the 
below criteria were diagnosed with stroke: (1) Imaging 
showing cerebral tissue ischemia, hypoxia, necrosis, or 
bleeding; (2) Those diagnosed with “stroke” before. Par-
ticipants who had been previously diagnosed with heart 
failure (HF) by a health professional were regarded as 
HF patients. Participants meeting the following crite-
ria were diagnosed with DM: (1) Fasting blood glucose 
level ≥ 126  mg/dL (7.0 mmol/L); (2) Two-hour plasma 
glucose ≥ 200  mg/dL (11.1 mmol/L) during oral glucose 
tolerance test (OGTT); (3) HbA1c ≥ 6.5% (48 mmol/mol); 

https://www.cdc.gov/nchs/nhanes/about_nhanes.htm
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(4) A random plasma glucose ≥ 200 mg/dL (11.1 mmol/L) 
in a patient with classic symptoms [23]; (5) Participants 
receiving treatment with hypoglycemic drugs; (6) Those 
previously diagnosed with “DM” by a doctor. Participants 
with glomerular filtration rate (GFR) < 60 mL/min/1.73 
m2 were diagnosed with CKD [24]. GFR was estimated 
using the dietary modification equation for kidney dis-
ease, as follows: GFR = 186 ×serum creatinine-10,154 × 
age-0.2.3 × (1.212 if black) × (0.742 if female).

Definition of targets
Physiological targets were set as follows. BMI: 18.5–
25  kg/m2, LDL-C < 131  mg/mL, waist circumference: < 
89 cm for women and < 102 cm for men, HbA1c < 7% for 
HTN patients with DM. Lifestyle targets: smoking status: 
never smoked or quit smoking after HTN. Alcohol con-
sumption: ≤ 2 drinks/day for men and ≤ 1 drink/day for 
women; PA: ≥ 5 days/week and ≥ 30 min/session; Sodium 
intake: < 1.5  g/d; Fiber intake: 20 gm/d-30 gm/d. These 

two targets were referenced from the guideline of AHA/
ACCF secondary prevention and risk reduction therapy 
for patients with coronary and other atherosclerotic vas-
cular disease: 2011 update [25].

In this study, not achieving RFs targets was defined as 
≥ 2 RFs not achieving the targets, not achieving lifestyle 
targets was defined as ≥ 2 lifestyles not achieving the tar-
gets [16, 26, 27].

Statistical analysis
Patients were grouped by age, gender, race, socioeco-
nomic status, education status, current health insurance 
status and co-morbidities to evaluate the proportion 
of HTN patients with BP controlled, and the statisti-
cal differences was analyzed by Chi-square test. Age, BP 
(SBP and DBP), serum lipids (LDL-C, HDL-C, and TC), 
BMI, sodium intake, fiber intake, and waist circumfer-
ence between BP controlled and uncontrolled patients 
were compared using Student’s t-test. HTN patients 

Fig. 1  Study flowchart showing the process of participant selection. This study selected 103,639 participants from the National Health and Nutrition 
Examination Survey (NHANES), and it remained 21,770 persons in the final analysis
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with controlled or uncontrolled BP with comorbidi-
ties (including MS, CHD, stroke, HF, DM, and CKD) 
were detected by Chi-square test. The participants were 
grouped by gender, age, race, socioeconomic, education, 
and health insurance status to determine the proportions 
of patients achieving recommended RFs targets, and 
compared by Chi-square test were measured. In addition, 
the potential differences in achieving RF targets between 
participants with or without each co-morbidity were 
compared with Chi-square test.

First, the not achieving RFs targets or not achieving 
lifestyle targets were modeled as dichotomous variables, 
and then independent variables (including age, gender, 
race, socioeconomic status, education status, current 
health insurance status, MS, CHD, stroke, HF, DM, CKD) 
were modeled for univariate logistic regression analy-
sis. After that, the variables with statistical differences 
(p < 0.05) were selected for multiple logistic regression 
analysis. Multivariate logistic regression analysis was per-
formed to analyze the influencing factors of not achiev-
ing RFs targets (the variables were including age, gender, 
race, education status, health insurance status, MS, CHD, 
stroke, DM, and CKD). Notably, in addition to socioeco-
nomic status and HF being different, multivariate logis-
tic regression analysis was also performed to analyze the 
influencing factors of not achieving lifestyle targets. For 
all analyses, statistical significance was set at p < 0.05, 
SAS statistical software (version 9.3; SAS Institute, Cary, 
NC, USA) was used for data management and analysis.

Results
A total of 21,770 participants were enrolled in this study. 
The basic characteristics of the participants are shown 
in Table 1. The mean age of the respondents was 62 ± 15. 
Most participants were females (51%). Most respondents 
were non-Hispanic white (NHW) (49%), 46% were low-
income earners (< $35,000), 43% were associate degree 
(AA) holders or had high school education, and 34% were 
public-medicare personnel. Compared with the BP con-
trolled group, the proportion of SBP, DBP, LDL-C, HDL-
C, TC, smoking, and DM was higher in the uncontrolled 
group. However, salt intake, fiber intake, and CKD were 
not significantly different between the two groups.

The percentage of patients who met the recommended 
physiological goals is shown in Table S1 and Fig. 2. About 
one in five (20%) participants reached the recommended 
BMI, with the elderly, NHW, low-income, less than high 
school education, and public-medicare populations more 
likely to achieve this goal. Approximately 40% of respon-
dents achieved the LDL-C goal, mostly male, elderly, 
NHW, less than high school education, and public-medi-
care groups. About 30% achieved the recommended 
waist circumference, with male, elderly, non-Hispanic 
black, high-income, less than high school education, and 

uninsured population more likely to achieve this goal. 
About 66% met the recommended HBA1c target, mostly 
for female, elderly, NHW, and public-medicare popula-
tions. However, only 32 (0.2%) respondents completed 
the all four goals.

The proportion of participants who completed the 
recommended lifestyle modifications is shown in Table 
S2 and Fig.  3. Most patients (80%) achieved the recom-
mended smoking status, with female, elderly, Hispanic, 
high-income, AA or high, and public-medicare popula-
tions doing better than other groups. About 58% met the 
recommended alcohol consumption, with male, elderly, 
NHW, high-income, AA or high, and public-medicare 
populations more likely to accomplish the goal. Only 
19% achieved the recommended PA goal, with females, 
elderly, NHW, less than high school education, and pub-
lic medicare groups performing worse. Only 32% met the 
recommended salt intake, where males < 65 years old, 
NHW, high-income, and AA or high education groups 
were doing worse. Only 14% met the recommended fiber 
intake, and 3% met all five goals.

The proportion of HTN subjects achieving recom-
mended RF targets according to presence of comorbidi-
ties is shown in Table S3. About 53% of HTN patients 
with MS achieved the recommended HbA1c target, with 
only 5% reaching the recommended BMI, 5% achiev-
ing the waist circumference target, and no patients 
achieving all four goals (0 (0), p < 0.01). Furthermore, 
61% of patients with CHD achieved the LDL-C target, 
69% achieved the recommended HbA1c, and only 0.3% 
achieved all four goals. About 22% of patients with stroke 
achieved the recommended BMI, 78% achieved the 
LDL-C target, 73% achieved the HbA1c target, and only 
0.4% achieved all four goals. Only 17% of patients with 
HF achieved the recommended BMI, 56% achieved the 
recommended LDL-C goal, 24% achieved the waist cir-
cumference, 72% achieved the HbA1c target, and 0.4% 
achieved all four goals. About 13% of patients with DM 
achieved the BMI target, 79% achieved the recommended 
LDL-C, and 20% achieved the waist circumference tar-
get. About 20%, 49%, 25%, and 57% of patients with CKD 
achieved the BMI goal, LDL-C, recommended waist cir-
cumference, and glycolysis targets, respectively.

The proportion of HTN subjects achieving recom-
mended lifestyle targets according to presence of comor-
bidities is shown in Table S4. Furthermore, 79%,23%, 
and 1% of patients with MS achieved the recommended 
smoking status, PA, and all five goals, respectively. About 
70% of patients with CHD met the recommended alco-
hol consumption, only 15% met the PA goal, 35% met 
the recommended sodium intake, and 12% met the fiber 
intake goal. Also, 65% of patients with stroke achieved 
the recommended alcohol consumption, 12% achieved 
PA goal, 37% achieved sodium intake, and 10% achieved 
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fiber intake. Similarly, 68% of patients with HF achieved 
the recommended alcohol consumption, 12% achieved 
the recommended PA goal, 37% met sodium intake, and 
11% met fiber intake target. Most DM patients (82%) 

achieved smoking status, and only 17% achieved recom-
mended PA. Similarly, most patients with CKD (83%) 
achieved the smoking goal, 69% achieved recommended 
alcohol consumption, 17% achieved recommended PA, 

Table 1  Characteristics of the final analytic sample of participants (n = 21770)
Characteristics Overall

(n = 21770)
Controlled BP
(n = 9637)

Uncontrolled BP
(n = 12133)

P Value

Age (yrs), mean ± SD 61.61 ± 15.07 61.35 ± 14.62 61.83 ± 15.41 0.02
Gender, n(%) < 0.0001
Male 10,634 (48.85) 4473 (46.41) 6161 (50.78)
Female 11,136 (51.15) 5164 (53.59) 5972 (49.22)
Race, n(%) < 0.0001
Non-Hispanic White 9760 (48.46) 4667 (52.20) 5093 (45.48)
Hispanic 4672 (23.20) 1816 (20.31) 2856 (25.50)
Non-Hispanic Black 5707 (28.34) 2457 (27.48) 3250 (29.02)
Socioeconomic Status, n(%) < 0.0001
Low 6089 (45.71) 2765 (43.87) 3324 (47.37)
Middle 4466 (33.53) 2126 (33.73) 2340 (33.35)
High 2765 (20.76) 1412 (22.40) 1353 (19.28)
Education Status, n(%) < 0.0001
< high school 6905 (32.08) 2765 (28.94) 4140 (34.58)
High school diploma 5281 (24.53) 2368 (24.78) 2913 (24.33)
AA or high 9341 (43.39) 4422 (46.28) 4919 (41.09)
Current Health Insurance Status, n(%) <0.0001
Uninsured 2027 (12.74) 744 (10.00) 1283 (15.15)
Private 4067 (25.56) 1967 (26.43) 2100 (24.80)
Public-medicare 5368 (33.74) 2529 (33.98) 2839 (33.52)
Public others 4450 (27.97) 2203 (29.60) 2247 (26.53)
BP
SBP (mmHg), mean ± SD 139.29 ± 21.01 121.36 ± 11.00 151.22 ± 17.28 < 0.0001
DBP (mmHg), mean ± SD 72.67 ± 16.51 67.64 ± 12.77 76.01 ± 17.82 < 0.0001
Risk Factors
LDL-C (mg/dL), mean ± SD 111.99 ± 36.65 108.77 ± 35.00 114.93 ± 37.87 < 0.0001
HDL-C (mg/dL), mean ± SD 52.46 ± 16.69 51.92 ± 16.12 52.91 ± 17.13 0.0004
TC (mg/dL), mean ± SD 193.62 ± 44.21 188.49 ± 42.30 197.88 ± 45.30 < 0.0001
Current smoking, n (%) 10,618 (48.77) 4588 (47.61) 6030 (49.70) 0.005
Current drinker, n (%) 5532 (57.90) 2451 (59.68) 3081 (56.56) 0.002
BMI 30.60 ± 7.24 31.26 ± 7.25 30.13 ± 7.20 < 0.0001
Sodium intake (g/d) 3.15 ± 1.46 3.17 ± 1.42 3.13 ± 1.48 0.078
Fiber intake (gm/d) 15.81 ± 8.56 15.93 ± 8.55 15.72 ± 8.56 0.124
Waist circumference 104.14 ± 15.84 105.59 ± 15.56 103.11 ± 15.96 < 0.0001
Co-morbidities, n (%)
MS 3984 (66.03) 1917 (68.54) 2067 (63.86) 0.0001
CHD 3225 (14.94) 1650 (17.22) 1575 (13.12) < 0.0001
Stroke 1716 (7.95) 832 (8.68) 884 (7.36) 0.0004
HF 1539 (7.13) 828 (8.64) 711 (5.92) < 0.0001
DM 5710 (26.23) 2011 (20.87) 3699 (30.49) < 0.0001
CKD 2488 (18.99) 1177 (19.67) 1311 (18.42) 0.07
Data are presented as n (%) or mean ± standard deviation (SD)

Uncontrolled blood pressure (BP): BP ≥ 140/90mmHg, or BP ≥ 130/80 mm Hg in those hypertensive patients with diabetes mellitus (DM) or chronic kidney disease 
(CKD)

Socioeconomic status: low, <$35,000; middle, $35,000e$75,000; high, >$75,000

AA: associate degree; SBP: systolic blood pressure; DBP: diastolic blood pressure; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-density lipoprotein 
cholesterol; TC: total cholesterol; BMI: body mass index; MS: metabolic syndrome; CHD: coronary heart disease; HF: heart failure

P value indicates comparison of means or proportions between controlled and uncontrolled groups
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16% achieved sodium intake, 14% achieved fiber intake, 
and only 6% completed the five goals.

The potential factors that determine patient’s experi-
ence of not achieving RFs targets and lifestyle targets are 
shown in Tables 2 and 3, respectively. Univariate analysis 

revealed that the age, gender, race, education status, 
health insurance status, MS, CHD, stroke, DM, and CKD 
did not achieve RFs targets (Table  4). Also, age, gender, 
race, socioeconomic status, education status, MS, CHD, 
stroke, HF, and CKD did not achieve lifestyle targets 

Fig. 3  Proportion (%) of US adults with hypertension at recommended lifestyle modification goals by gender and age group (years)

 

Fig. 2  Proportion (%) of US adults with hypertension at recommended cardiovascular risk factor goals by gender and age group (years). BMI, body mass 
index; LDL-C, low-density lipoprotein cholesterol; HbA1c, glycated hemoglobin
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(Table  4). Furthermore, multivariate analysis demon-
strated that age, gender, race, education status, MS, and 
DM were the independent predictors of not achieving 
RFs targets (Table  2). Also, age, gender, race, socioeco-
nomic status, MS, and CKD were the independent pre-
dictors of not achieving lifestyle targets (Table 3).

Discussion
These findings suggest that controlling RFs and adher-
ence to recommended lifestyles are not ideal for U.S. 
HTN patients. Meanwhile, age, gender, race, education, 
MS, and DM were determined to be associated with not 
achieving RF targets. Moreover, age, gender, race, socio-
economic status, MS, and CKD were determined to be 
associated with not achieving lifestyle targets.

A study published by GP Vyssoulis et al. [28] investi-
gated 21,280 Greek patients with HTN. The study found 
that over half (53.1%) of the patients had one type of RF, 
32.9% had two, and only 10.2% had no accompanying 
RFs. Another study [4] also found more than half (56%) of 
patients with HTN at a large managed care facility with 
at least one CVD RF: DM (15%), hyperlipidemia (24%), 
and high BMI (37%). Herein, about 26% of HTN patients 
had DM. These different results may be due to differences 
in the definition of the study population. Compared to 

participants without DM, those with DM have a two- to 
threefold increased risk of developing CVD [29]. Our 
findings, however, suggest that blood glucose control 
among hypertensive patients with DM is suboptimal. 
Only three-fifths (60%) of this group achieved the rec-
ommended HbA1c level. This aligns with previous stud-
ies demonstrating less than ideal fasting blood glucose 
control in hypertensive patients with DM, with reported 
ranges between 158.4 and 170.2  mg/dL [4]. Although 
the specific indicator differs from ours, the conclusions 
align. Additionally, our study identified subgroups with 
poorer glycemic control, including males, individu-
als younger than 65 years old, Hispanics, and the unin-
sured. These findings highlight the need for increased 
focus on improving blood sugar control in these specific 
populations.

Derek Weycker [4] found that the LDL-C ranges for 
HTN patients with hyperlipidemia and those with-
out hyperlipidemia are 129.6-145.1  mg/dL and 109.9-
118.2  mg/dL, respectively. Although the National 
Cholesterol Education Program (NCEP) guidelines have 
been widely publicized, published U.S. data show that 
hypercholesterolemia is still poorly treated and con-
trolled [30]. Similar to our findings on blood glucose con-
trol, the present study revealed that blood lipid control 
was also suboptimal. Only two-thirds (66.7%) of patients 

Table 2  Odds ratios by multivariate logistic regression for not 
achieving risk factors targets

OR 95% CI P value
Age (yrs) (vs. < 65)
≥ 65 0.67 0.51–0.86 0.002
Gender (vs. Male)
Female 1.67 1.41–1.97 < 0.0001
Race (vs. Non-Hispanic White)
Hispanic 1.13 0.90–1.42 0.29
Non-Hispanic Black 1.23 1.00-1.50 0.05
Education Status (vs. < high school)
High school diploma 1.08 0.86–1.36 0.50
High 1.28 1.04–1.58 0.02
Health Insurance Status (vs. Uninsured)
Private 1.23 0.93–1.62 0.14
Public-medicare 1.26 0.89–1.77 0.19
Public others 1.11 0.82–1.50 0.49
Co-morbidities(No vs. Yes)
MS 0.03 0.02–0.03 < 0.0001
CHD 1.19 0.93–1.53 0.17
Stroke 0.92 0.65–1.27 0.59
DM 0.58 0.47–0.73 < 0.0001
CKD 1.12 0.89–1.42 0.32
Not achieving risk factors targets: ≥2 risk factors (including LDL-C ≥ 131 mg/dL, 
body mass index ≥ 25 kg/m2, HbA1c ≥ 7% for those hypertensive patients with 
diabetes mellitus, waist circumference [≥ 89  cm for women and ≥ 102  cm for 
men]) not achieving targets

Socioeconomic status: low, <$35,000; middle, $35,000-$75,000; high, >$75,000

MS: metabolic syndrome; DM: diabetes mellitus; CHD: coronary heart disease; 
CKD: chronic kidney disease; CI: confidence interval; OR: odds ratio

Table 3  Odds ratios by multivariate logistic regression for not 
achieving lifestyle targets

OR 95% CI P value
Age (yrs) (vs. < 65)
≥ 65 0.59 0.45–0.78 0.0001
Gender (vs. Male)
Female 1.44 1.11–1.87 0.007
Race (vs. Non-Hispanic White)
Hispanic 0.89 0.65–1.23 0.49
Non-Hispanic Black 1.64 1.13–2.40 0.01
Socioeconomic Status (vs. Low)
Middle 0.80 0.59–1.07 0.13
High 0.64 0.45–0.91 0.01
Education Status (vs. < high school)
High school diploma 1.14 0.78–1.67 0.51
High 0.80 0.58–1.12 0.19
Co-morbidities(No vs. Yes)
MS 0.64 0.49–0.83 0.0008
CHD 1.20 0.83–1.73 0.34
Stroke 0.91 0.53–1.56 0.73
HF 0.85 0.48–1.52 0.59
CKD 0.59 0.39–0.89 0.01
Not achieving lifestyle targets: ≥2 lifestyle (including current smoking, 
current drinker [> 2 drinks/day for men and > 1 drink/day for women], sodium 
intake ≥ 1.5 g/d, fiber intake < 20 gm/d, physical activity not reached at least 5 
days a week and no less than 30 min per session) not achieving targets

Socioeconomic status: low, <$35,000; middle, $35,000-$75,000; high, >$75,000

MS: metabolic syndrome; CHD: coronary heart disease; CKD: chronic kidney 
disease; HF: heart failure; CI: confidence interval; OR: odds ratio
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achieved the recommended LDL-C target of < 131  mg/
dL. Subgroups with lower achievement rates included 
females younger than 65 years old, Hispanics, individu-
als with high school education or less, and the uninsured 
population. These findings highlight the need for further 
research to identify strategies for improving blood lipid 
management in these specific patient groups.

One risk estimate health study [31] showed that obesity 
is the major cause of HTN, accounting for 40%. Epide-
miological studies have shown that BMI is directly asso-
ciated with BP [32]. An Italian study [33] showed that a 
BMI 27 ± 4 kg/m2 and 52.6% may indicate overweight or 
obesity. This study found that compared with HbA1c and 
LDL-C control rates, a lower proportion of HTN patients 
achieved recommended BMI and waist circumference 
goals. This aligns with findings from another NHANES 

study [16], suggesting that weight management remains a 
significant challenge for HTN patients in the U.S.

Earlier research indicated that physical activity serves 
as a crucial lifestyle intervention for preventing and 
treating HTN [34, 35]. Regular PA can lower BP in HTN 
patients [36]. Poor BP control is associated with a lack 
of PA (OR 1.195; 95% CI 1.175–3.387; p = 0.011) [37]. 
Another study found that obese men who engage in 
no physical activity have a relative risk of 1.50 (95% CI: 
1.27–1.77), while obese men with high activity levels have 
a relative risk of 1.16 (95% CI 0.79–1.70) [38]. A survey 
of 1000 people with HTN in Jordan showed that most 
respondents received advice on PA (n = 690, 69%) [39]. 
However, our study also revealed a concerningly low 
percentage of hypertensive patients (only 19%) meet-
ing recommended PA targets. This disparity was further 

Table 4  Univariate logistic analysis for not achieving risk factors targets and not achieving lifestyle targets
Group Not achieving risk factors targets Not achieving lifestyle targets

OR 95% CI P value OR 95% CI P value
Age
< 65 1 reference 1 reference
≥ 65 0.63 0.60–0.67 < 0.0001 0.75 0.68–0.83 < 0.0001
Gender
Male 1 reference 1 reference
Female 0.87 0.83–0.92 < 0.0001 1.18 1.07–1.31 0.0014
Race
Non-Hispanic White 1 reference 1 reference
Hispanic 1.28 1.19–1.37 < 0.0001 0.65 0.57–0.74 < 0.0001
Non-Hispanic Black 1.54 1.44–1.65 < 0.0001 1.13 0.98–1.29 0.09
Socioeconomic Status
Low 1 reference 1 reference
Middle 1.08 0.99–1.17 0.07 0.76 0.67–0.90 0.001
High 1.03 0.94–1.14 0.48 0.63 0.53–0.74 < 0.0001
Education Status
< high school 1 reference 1 reference
High school diploma 1.21 1.12–1.30 < 0.0001 1.39 1.20–1.61 < 0.0001
AA or high 1.22 1.14–1.30 < 0.0001 1.07 0.95–1.20 0.26
Current Health Insurance Status
Uninsured 1 reference 1 reference
Private 0.63 0.56–0.71 < 0.0001 0.97 0.78–1.19 0.75
Public-medicare 0.39 0.35–0.43 < 0.0001 1.00 0.82–1.23 0.99
Public others 0.55 0.49–0.62 < 0.0001 1.11 0.89–1.37 0.36
Co-morbidities
MS 0.03 0.02–0.03 < 0.0001 0.73 0.58–0.92 0.0068
CHD 1.10 1.02–1.19 0.01 0.83 0.71–0.96 0.02
Stroke 1.35 1.22–1.49 < 0.0001 0.61 0.49–0.77 < 0.0001
HF 1.10 0.99–1.23 0.07 0.63 0.49–0.80 0.0002
DM 0.56 0.52–0.59 < 0.0001 0.92 0.82–1.03 0.16
CKD 1.17 1.06–1.28 0.0013 0.71 0.58–0.88 0.0014
Not achieving risk factors targets: ≥2 risk factors (including LDL-C ≥ 131 mg/dL, body mass index ≥ 25 kg/m2, HbA1c ≥ 7% for those hypertensive patients with diabetes 
mellitus, waist circumference [≥ 89 cm for women and ≥ 102 cm for men]) not achieving targets

Not achieving lifestyle targets: ≥2 lifestyle (including current smoking, current drinker [> 2 drinks/day for men and > 1 drink/day for women], sodium intake ≥ 1.5 g/d, 
fiber intake < 20 gm/d, physical activity not reached at least 5 days a week and no less than 30 min per session) not achieving targets

Socioeconomic status: low, <$35,000; middle, $35,000-$75,000; high, >$75,000

MS: metabolic syndrome; CHD: coronary heart disease; HF: heart failure; DM: diabetes mellitus; CKD: chronic kidney disease; CI: confidence interval; OR: odds ratio
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accentuated in females, elderly individuals, those with 
lower educational attainment, and low-income groups. 
These findings highlight the need for increased public 
awareness and educational initiatives on the importance 
of physical activity for this population. Moreover, con-
sidering the diverse exercise capabilities and economic 
limitations within these subgroups, further research is 
crucial to develop tailored PA prescription strategies that 
are both feasible and effective.

Smoking is a powerful cardiovascular RF that increases 
the risk of CVD through multiple mechanisms [40]. 
Therefore, quitting smoking cessation is one of the effec-
tive lifestyle measures to prevent many CVD [41]. ESC/
ESH guidelines recommend quitting smoking to pre-
vent and manage HTN [11]. Similarly, the Jordanian sur-
vey showed that less than half (n = 430, 43%) of patients 
received advice to quit smoking [39]. In a study con-
ducted in Greece (21,280 people), 33% of patients with 
HTN smoked [28]. In this study, 80% of people achieved 
the goal of quitting smoking, which is higher than that 
reported in previous studies.

Numerous observational epidemiological studies have 
indicated that heavy alcohol consumption is a RF for ele-
vated BP [42]. Both ACC/AHA [10] and ESC/ESH [11] 
guidelines recommend reducing alcohol intake to man-
age HTN. In this study, more than half patients met the 
recommended alcohol consumption target, with more 
male and older adults reaching the target. However, 
future studies should assess the long-term effectiveness 
of limiting alcohol consumption in reducing BP [43].

Sodium restriction is the most popular recommenda-
tion for preventing HTN and lowering BP. Besides, the 
current dietary guidelines recommend reducing sodium 
(or salt) intake [10, 11]. A study [44] estimated that the 
global sodium intake in 2010 was 3,950 mg per day, sig-
nificantly higher than the recommended level in all pub-
lished guidelines (2,300  mg per day). In this study, only 
32% of patients met the recommended salt intake level. 
An increase in dietary fiber intake may reduce BP in 
HTN patients [45]. Herein, only 14%of patients reached 
the target, and very few completed all five goals.

Furthermore, age, gender, and race were independent 
predictors of achieving RFs targets and lifestyle targets. 
Notably, patients aged 65 and older were more likely to 
achieve the targets. Compared with males, females were 
less likely to achieve the targets, consistent with another 
NHANES study [26]. Besides, non-Hispanic black 
showed the worst results in achieving the lifestyle target. 
Socioeconomic status significantly affects cardiovascular 
and CHD burden, with occupation, income, and educa-
tion being the most critical measures [46]. In this study, 
education significantly influenced the achievement of 
RFs. Notably, people with higher degree were less likely 
to achieve RFs targets. Our findings regarding the impact 

of education level on risk factor control differ from previ-
ous research. A study of 7,937 CHD patients [47] found 
that individuals with higher education had significantly 
better control of their risk factors. In addition, people 
with higher incomes were more likely to achieve lifestyle 
targets than those with lower incomes. This is similar to 
the results of previous study [48]. Landon BE et al. com-
pared treatment patterns and outcomes for patients with 
acute myocardial infarction in six countries and observed 
that survival outcomes were significantly better in high-
income populations than in low - and high-income popu-
lations. Therefore, more effective strategies are needed 
to target low-income populations. Furthermore, MS is 
significantly associated with DM and CVD in the general 
population [49]. Herein, patients with MS were less likely 
to achieve RFs targets and lifestyle targets. DM, as one of 
the major RFs for CVD, has reached epidemic propor-
tions [50]. Herein, patients with DM were less likely to 
achieve RFs targets. Furthermore, CKD, as a public health 
threat affecting cardiovascular risk [51], also affected the 
achievement of lifestyle targets. However, this study was 
not designed to elucidate the specific influence of the 
aforementioned comorbidities on the achievement of RF 
targets and lifestyle goals. Further research is necessary 
to explore these relationships in greater detail.

This study used the large sample size of the NHANES 
1999–2018 period and thus can project the findings as 
closely as possible to real-world HTN patients in the U.S. 
Furthermore, standardized methods and instruments 
were used to perform physical examinations and collect 
blood information, such as BP, waist circumference mea-
surements, and laboratory analysis of lipids and blood 
sugar. However, this study has some limitations. This 
study was based on a cross-sectional descriptive analysis 
of large observational studies and clinical investigations 
and can only identify associations but cannot establish 
causation. Second, data including lifestyle and socioeco-
nomic status were collected using self-reports which may 
vary from the actual situation. Therefore, there may be 
bias in the analysis of sample characteristics in the final 
participants. Thirdly, NHANES measurements are only 
captured at one moment in time, potentially leading to 
misclassification of some participants as having con-
trolled or uncontrolled BP. Similarly, the characteristics 
of participants and our conclusions may be biased and 
fail to reflect the real situation. In addition, our analy-
sis was based on secondary data from databases, which 
may have excluded some information depending on their 
research objectives and data collection methods. There-
fore, the accuracy and completeness of the data may be 
relatively poor. Lastly, we did not incorporate medication 
data, and thus, we did not analyze and discuss patients’ 
drug use. Further studies are advocated to resolve these 
limitations and validate our findings.
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Conclusion
In summary, controlling RFs and adherence to recom-
mended lifestyles are not ideal in American patients with 
HTN. Therefore, further research should assess how to 
improve the compliance rate and take targeted measures 
according to influencing factors for improving long-term 
prognosis.
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